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(57) Abstract 

For potentiometric determining the concentration of a component of a liquid sample the novel elements lie in fur- 
ther steps of admixing the titration reagent in a quantity deviating from the equivalence quantity by about 1 % to about 20 
% in weight, determining the difference to the equivalence quantity by measurement of the electric potential of the elec- 
trode and comparing the potential value with a calibration diagram determined earlier and computing the concentration 
on the basis of the difference determined. As for the proposed equipment, comprising a unit (2) for receiving a liquid sam- 
ple, a feeding unit (3) for introducing a titration reagent into the sample and measuring means (5) with an electrode held in 
contact with the sample containing the titration reagent, the novelty is determined by further comprising a mixer (4) for 
homogenising the sample, wherein the feeding unit (3) introduces a regulated quantity of a liquid into the sample and the 
measuring means (5) are connected to a linear amplifying and/or regulating unit (L). 
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. METHOD OF AND EQUIPMENT FOR DETERMINING CONCENTRATION OF A 
COMPONENT OF A LIQUID SAMPLE BY MEANS OF POTENTIOMETRY 

The^invention refers to a method of and an equipment 
for determining concentration of a component of a liquid 
5 sample by means of potentiometry . The method comprises the 
steps of admixing a titration reagent of known concentration 
in regulated quantities to a sanple of known quantity, meas- 
uring the potential of an electrode contacting the liquid 
sanple including the admixed titration reagent and determin- 

10 ing the concentration on the basis of the measured potential. 
The equipment" being capable of carrying the method, compris- 
ing a unit far receiving a liquid sanple, a feeding unit for 
introducing a titration reagent into the liquid sanple and 
measuring means including an electrode held in contact with 

15 the liquid sanple containing the titration reagent, can be 
used for determining concentration of a component with accu- 
racy which is high enough for practical purposes and for 
supplying electric signals applicable in controlling indust- 
rial processes* 

20 When applying methods of potentiometry the measure- 

ment of the voltage is carried out in a measuring chamber 
for determining the concentration or activity value of 
a component of a sample. The methods with application of 
a titration reagent are those showing excellent accuracy 

25 among other methods. 

The method of titration potentiometry is a kind 
of the volumetric analyse wherein the sample is admixed 
with a titration reagent of known concentration in parts 
of known quantity and the change of the concentration 
30 (activity) is followed by determining the\ potential of 
an indicating electrode. On this basis the concentration 
of the component reacting with the titration reagent can 
be determined. 

The automatic titration apparatuses make it pos- 
35 sible to reduce the high demand on time and work charac- 
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terizing the methods of potentiometric titration. Taking into 
account the fact that the potentiometric titration should $ 
generally be carried out for establishing the end point 
of the titration process amny efforst have been made for 
5 elaborating titration methods requiring the possible lowest 
number of measurement points- In the apparatuses for carrying 
out the titration it is possible to continue the process 
up to reaching an earlier determined value of the potential 
(the end point potential).. 
10 From the literature a method of acidic-basic 'titra- 

tion is known (Ivaska. A. : Talanta, 21 /1974) 377, ibid 21. # b\ ol< ^uS\ 
/1974) 387) which is similar to the end point titration but 
the process should be carried out up to reaching the same 
pH value, wherein the titration gracfe is much lower 

15 than 100 %. 

Johansson et al (Johansson, GL, Backfen, W.; Anal, 
Chint. Acta, 69/1974/ 415X Astrom, 0. (AnalXhim. Acta, ^^^J 
88/1977/ 17 and Anal. Chinu Acta* 97 /1978/ 259)aand ° 
other authors applied the mixture of weak acids to titrat- 

20 ing strong bases and vica versa . By appropriate selection 
of the composition of the mixture it is possible to • 
create conditions wherein the pH value of the titration 
reagent depends on the concentration of the sample to 
be titrated according to a linear function with slope 

25 being high enough to ensure the required accuracy of the 
measurements by only one determining of the pH value and 
the resulted concentration value is the true one with 
high reliability. 

Many practical problems arising during the titration 
30 process made it necessary to modify the different potentio- 
metric methods in order to carry out measurements in t 
flowirg samples. Some of -these*, problems are the following:.. 

— it is of ten . necessary to follow continouosly 
the composition of samples in the time (for example in 

35 natural waters, in waste waters, during chemical reactions 
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and in biological systems); 

- automatic analysis of a high number of samples and/ 
/or samples of small volume (for example in the medical 
laboratories, analysis of soil samples for agricultural 
purposes) . 

By applying electroanalitical detectors to: measuring 
characteristics of samples held in flow it has been shown 
that the analysis carried out in flowing liquids is under 
some aspects very advantageous - the reproducibility 
of the measured potential values, the conditioning of 
the electrodes are more favorable than in systems with 
stationary liquids. An automatic apparatus for analysis to 
be carried out automatically in systems with flowing li- 
quids is shown in the U.S. patent specification No. 3 484 170 O\o\*~* 
(granted to, the assignee Technicon Co.). Another possibility 
is to inject sone of the liquids to the flow. Both methods 
result in considerable reduction of the duration of the 
measurements. An inadvantageous feature of these methods 
lie in relatively low accuracy in comparison to the titration 
methods . 

By carrying the titration process in flowing samples 
M is possible to nave the advantages of the previously 
mentioned solutions. In this case the regulation obviously 
relates to the volume flow rate ana/or to the composition 

5 of the titration reagent which are controlled in a programmed 
way. A titration process with flowing samples having compo- 
sition altered according to a linear time function is proposed 
by Eichler et al. (Eichler, D. L., Technicon Symposium, ? _ * ^ « 
1969 Vol. 1., Mediad, New York, 1970, p. 51.), by Fleet 

0 et al. (Fleet, B., Ho, A. Y. W. : Anal. Chem, 46 /1974) p. 9) ^bW^c) 
and by the Hungarian Patent granted under No. 174 711 to 
Nagy G. , Pungor E. , Tdth K. , Havas 3. and Feher Zs. The 
authors of the articles previously mentioned apply mechanical 
neans for altering the composition of the solution according 

5 to a linear program and the Hungarian Patent proposes the 
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application of program controlled coulometric means for 
producing the necessary reagents. The apparatus proposed 
by Eichler et al. and by Fleet et al . is relatively compli- 
cated in use if more titration processes should be carried 
out one after another and the accuracy to be ensured can 
be sometimes not reached, because of the impossibility of 
accurate determining the volume flow rate in the end point 
of the titration Cthis follows from the geometrical arrange- 
ment).. The coulometric methods of producing the necessary 
reagents are generally expensive, theyrequire many diffe- 
rent means and the speed of determining is relatively low 
because of the necessity of taking two titration curves. 

In controlling different processes it is often very 
important to maintain a stable value of the concentration 
wherein the accurate value is not known, its knowledge is 
not important. In such cases the analisators can be applied 
which make use of the features of the flow, analysis and 
the titration to an end point- Such apparatuses shown e.g. • 
in the Swiss patent specification No. 431 444 (granted in ? I 
1967 to Polymetron AG.) . The" apparatuses of this kind make 
a reagent aequivalent with a sample of optimal concentration 
and the sanple flow in equal volume flow rates.. They include 
a mixing chamber wherefrom the mixed liquid flow to a poten- 
tionetric detector chamber. The disadvantage of this method 
is that the voltage measured, in the detector chamber is 
a nonlinear function of the concentration difference from 
the optimal value and this renders the solution of the control 
processes more difficult. 

A further disadvantage of the preciously shown method 
and apparatus is that .in this way it is practioally impossible 
to determine the accurate value of the concentration of 
the sample, the only piece of information obtainable is 
whether the concentration is equal with the aequivalence 
value or in which direction differs from it. This uncertainty 
can result in very high oscillations of the concentration 
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on the beginning of the control process, these oscillations 
requiring complicated arrangement if the control process 
should be realised in automatic systems. 

The invention is based on the recognition that the 
continuous determination of a component of a liquid sample 
can be realised with high (comparable with the titration 
methods) accuracy *hen a titration reagent of exactly known 
concentration is admixed to it wherein the concentration is 
selected to lie in a range for ensuring the titration grade 
about 90 to 95 H or 105 to 110 % on the basis of previous 
orientation measurements and : the remaining part of the compo- 
nent to be determined or the surplus of the titration reagent 
is determined by a direct potentiometric measurement (without 
application of any further titration reagent). In this way 
the advantage of the high speed characterizing the direct 
potentiometric method can be combined with the accuracy of 
the titration methods, because the relatively high, error 
of the potentiometric measurements (in range from about 2 
to 4 %) occurs only in relation to a relatively low amount 
of the remaining part of the component to be determined 
or the surplus of the titration reagent (generally in the 
range from about 5 to 10"%). This means, the error is only 
in the range from abour 0,2 to about 0,4 % in relation to 
the full amount of the sample. The other recognition is 
25 that the potenti one trie titration curves are approximately 
linear and show high slope in the value range differing 
from the end point of the titration by about ±10 % and this 
• can be the basis of a reliable control process ensuring 
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high accuracy. 

The analysis of the recognition given above result- 
ed in a further recognition: the proposed method of carrying 
out the measurements renders the measurements of such components 
possible which can be determined only by application of a 
suprlu= of the titration reagent and following titration 
of this surplus with another titration reagent. This second 



step is in the case of such components not necessary because 
of replacing it by the direct potentiometric measurement 
without the danger of apppreciable lowering the accuracy 
of the determination. 

The object of the invention is therefore to provide a 
method and an equipment whereby it is possible to avoid the 
disadvantages of the pot entioms trie metering methods in the 
ehvircnmerrt of the end point potential (as the uncertainty 
of detecting this poirrt etc.) with ensuring a result of 
high accuracy being obtainable also in form of an electric 
signal, wherein the electric signal can be applied for realis- 
ing a reliable control process especially for industrial 
purposes* 

The invention proposes therefore a process and an 
equipment which are applicable to determining concentration - 
of a component of a liquid sample. by means of patent! ometry. 
Tn :the proposed method, comprising the steps of admixing a 
titration reagent of known concentration in regulated quan- 
tities to a sample of known quantity, measuring the potential 
of an electrode contacting the liquid sample including the 
admixed titration reagent and determining the concentration 
on the nasis of the measured potential, the novelty lies 
in application the further steps of acfciixing the titration 
reagent in a quantity deviating from the aequivalence quan- 
tity by about 1 h to about 20 %, advantageously by about 4 % 
to ebout 10 % in weight, homogenising, if necessary, the 
liquid received by admixing, determining the difference to 
the aequivalence quantity by carrying out a measurement of 
the electric potential of the electrode and comparing the 
measured potential value with a calibration diagram determined 
earlier and computing the concentration on the basis of the 
difference determined taking into acccunt the quantity of 
the titration reagent admixed to- the liquid sample. 

The method of the invention is advantageously appli- 
cable for determining the concentration of a component de- 
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composing in the pH value range of the analysis when the 
titration reagent is applied in the quantity exceeding, the 
aequi valence quantity. 

The metfibd of the invention is especially advanta- 
5 geously applicable to methods of flow analysis. 

The equipment proposed by the invention includes 
a unit for receiving a liquid sample, a feeding unit for= 
introducing a titration reagent into the liquid sample and 
measuring means containing an electrode held with the liquid 

10 sample mixed with the titration reagent . The novel element 
of the equipment is a mixer for homogenising the liquid 
sample, wherein the feeding unit introduces a regulated 
quantity of a liquid into the sample and the measuring means 
are connected to a linear amplifying and/or regulating unit. 

15* For introducing the regulated quantities it is advantageous 
to apply a peristaltic pump, because of high accuracy of 
feeding realised by it. The results of the measurements 
can be simply generated, if the measuring unit is equipped 
with a computing unit, which is capable of generating a control 

20 signal for regulating the feeding of a liquid to a technolo- 
gical process. 

The essence of the invention is hence the setting 
a working point differing from the aequivaler.ee point express- 
ed in concentration units by at most +20 %. This is especially 

25 advantageous from the point of view that the disadvantageous 
electrode features coming out in the environment of the 
end point potential can be avoided. This disadvantage is 
e.g. the low process of establishing the potential value,, 
the low reproducibility of the measurement results. 

30 it is a further advantage that the high slope of 

the characteristics simplifies the realisation of the control 
processes: instead of logarithmic amplifiers the regulators 
can be of proportional (linear) types, wherein the" small 
copcentration changes cause big and approximately linear 
35 changes of the output signals. 



On determining concentration values in flowing samples 
it is a further advantage of the inventior that the high 
oscillation of the concentration, often detectable at the 
beginning of the control process, can be avcided, because 
of introducing ever, in the first step a quantity of the 
reagent which follows from the computing step giving an 
approximate value. 

The invention will be- further describee in detail 
with reference to the accompanied drawings and to preferred 
embodiments shown by way of example. In the drawings 
Figure 1 shows the block diagram of realising the method 

of the invention in general case, and 
Figure 2 shows the til ok diagram of realising the method 

. of the invention in case of analysis to be carried 
out in flowing samples. 
During carrying out the method of the invention 
the substances should be applied in stable and/or well known 
quantities, according to the general principles of the chemical 
analysis- According to this a given quantity of a titration 
reagent is introduced to a given quantity of a solution 
comprising a component the concentration of which should 
be determined (of course, the quantity of this component 
can be also the object of the measurement). After introducing 
the necessary ambumt of the titration reagent the next step 
is to carry out a direct potentiometric measurement. By 
the last the potential of a measuring electrode can be es- 
tablished, the measuring electrode connecting the liquid 
resulted by the introducing step mentioned above. On the 
basis" of the measured potential value, taking into account 
a calibration curve determined earlier it is possible to 
determine the concentration of the given component. 

By maintaining both the solution to be investigated 
and the titration reagent in steady flow the conditions of 
realising the method, of the invention are especially advan- 
tageous. In this case the sample of steady volume flow rate 
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is admixed with a solution of the titration reagent flowing 
also with steady volume flow rate. 

The concentration of the titration reagent in the 
admixed solution should be selected in a way that this so- 
' 5 lution can give a titration in the range from about 90 % to 
95 h or from about 105 % to about 110 % for the flowing 
sample solution. The solution admixed with the titration 
reagent should generally be homogenised (mixed with high 
care) and thereafter introduced into a detector chamber 

10 of a potentiometric measuring unit. The measure chamber po- 
tential as a direct potentiometric measurement should be 
compared with a calibration curve for determining the con- 
centration to be established. This concentration follows 
from the measured value relating to the part of the sample 

15 not titrated by the titration reagent or to the surplus 
of the titration reagent introduced in excess amount. In 
• the knowledge of the quantity of the titration reagent 
(its volume flow rate), the quantity (volume flow rate) 
of the sample and on the basis of the concentration of the 

20 titration reagent, taking into account the results of the 

direct potentiometric measurements of the not titrated amount 
or the surplus it is possible to determine with high accuracy 
the concentration of the selected component in the sample. 
In the case of flow analysis the results can be computed 

25 on the basis of formulae 

WR + V W R + W M )C x - Wm 

and in case of surplus 

WR = VmS. + V W R + V C x 



30 



wherein the meaning of the symbols is the following: 
V and V M the stoichiometric factors figuring in the equation 
H of the characteristic chemical reaction of the 

titration process, 
35 W R and W M the volume flow rates of the titration reagent 
and the sample, respectively, 
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C R and the concentration of the titration reagent and the 

sample, respectively, and. 
C the concentration of- the sample not titrated by 

X the regent or of the surplus of the titration 

5 . reagent. 

Because the values of R , W R , C R , M> W M are known 
with high accuracy, and C R C x , therefore the error made 
in determining the value of C x is negligable and C M can 
be determined with high accuracy. 

10 The equipment proposed by the invention which is 

capable of carrying out the method explained above (Fig. 1 
and 2) contains a unit 2 for receiving a sample M and it 
is advantageous to introduce a titration reagent R also 
into this unit 2. The content of the receiving unit 2 is 

15 homogenised by a mixer 4. The receiving unit 2 sends liquid 
1 to measuring f*eans 5 connected by. its output to control 
means V including a linear amplifying and/or regulating 
unit L connected to a computing unit 8 andria display Uoit 0- 
One or more feeding units 3 are applied for feeding the 

20 titration reagent R and the sample M to the receiving unit 
2. The titration reagent R can be taken from a reagent con- 
tainer 7. 

In the measuring means 5 the liquid 1 is connected 
with a measuring electrode 11 the potential of which is 

25 treasured (expressed in pH or mV value).. In the measuring 
means. 5. a known per se reference electrode 10 and a ther- 
mometer 12 are applied, the last being of thermistor or 
conductivity type. 

The control neans V contain, as mentioned, a linear 

30 amplifying and/or regulating unit L for generating control 

signals S on the basis of signals received from the measuring 
ireans 5. The output signal of the linear amplifying and/or 
regulating unit L is connected to the display unit D for 
displaying the concentration values and to a computing unit 

35 8 for determining further data. 
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During operating the feeding unit 3 made advantageous- 
ly in form of a peristaltic pump 6 (Fig. 2) introduces the 
titration reagent R and the sample M in regulated quantity 
or volume floiTrate. The liquid 1 homogenised by the mixer 
5 4 is fed into the measuring unit 5 and on the basis of the 
output signals of the last the control means V generate 
control signals S, and gives by display unit D the analogous 
or digital value of the concentration of the component. 

The object of the invention will be explained in 
10 more detail on the basis of examples given below. 

EXAMPLE 1 

Continuous measurement of the concentration of 
hydrochloric acid 

The changes of the hydrochloric acid concentration 

15 were measured in a way that the hydrochloric acid to be 
investigated and the hydrochloric acid solution of 0,1 M 
concentration for titration is fed into a mixing vessel 
by means of peristaltic pumps and the pH value of the liquid 
received from the mixing vessel was measured by a glass 

20 electrode. The volume flow rate of both of liquids was about 
2 ml/min. In the mixing vessel a magnetic mixer was applied 
to the both liquid flow. The samples of the hydrochloric 
acid were selected to have concentration oscillating by 
+4 % around the nominal value 0,109 M. The signal of the 

25 measuring unit prepared to measurements of pH value showed 
linear changes with good approximation up to some percent 
changes of the hydrochloric acid concentration (up to about 
+ 4%), the changes were characterized by high slope of 
following the concentration (about 2 mVA>. 

30 . The approximately linear range is wide enough \t or 

carrying out practical control problems. 

EXAMPLE 2 

Continuous measurement of chloride concentration 
The means applied and the volume flow rates were 
35 the same as in the Example 1, excepting the measuring electrode 
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selected to be an electrode reacting selectively to chlorides 
and silver. The titration reagent was AgN0 3 solution of 0,05 M 
concentration and the sample NaCl solution with concentration 
oscillating around 0,046 H in one case and 0,054 M in the 
5 other, the issuing of the colloidal sediment was facilitated 
by the presence of a little amount of gelatine. The output 
signal of the unit for measuring pH and mV values showed 
linear changes up to some percent changes (about + 4 %) 
of the concentration with good approximation and high slope 
10 of the change. _■ 
The further examples (Examples 3 and 4) shows some - 
very important possibilities of . application, wherein the 
titration reagent is intrudueed in surplus. 



15 



20 



EXAMPLE y. 

Continuous measurement and regulation of the whole 
acid content of zinc phosphate baths 
The zinc phosphate baths applied to surface treatments 
are characterized mostly by the whole acid content expressed 
by points. According to the definition the whole acid content 
is reflected on a linear scale wherein 1 point corresponds 
to concentration 0,01 M of acids in the solution. 

The whole acid content of the zinc phosphate baths 
was continuously measured in an arrangement according to 
Fig. 1. The sample and the titration reagent were transported 
25 by means of a peristaltic pump ensuring volume flow rate 
2,5 ml/mih. As a titration reagent the NaOH solution of 
0,126 N concentration was used which has concentration 
with 5 % higher than the solution NaOH being aequivalent 
with the phosphatizing bath having whole acid content 12 
30 points . 

In order to exclude issuing of sediments a substance 
for generating complex compounds, e.g. Na^EDTA was applied 

to basic solutions. 

It was observed, that the change of the whole acid 
35 content by + 4 H caused changes in the treasured P H value 
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following the whole acid content according to a linear function. 
By applying Na^EDTA in the titration reagent solution the 
linear range was as wide as 7 % of the whole acid content. 
The slope of the linear range was in the last Case about 
5 1 pH/point- Measuring samples of steady whole acid content 
• it was possible to state that the stability of the measured 
pH value was ip,Q2 pH/hour. The high slope and the high 
accuracy render realising a very reliable system for measuring 
and controlling the concentration, possible. 

10 EXAMPLE 4 

Continuous measurement and regulation of the nitrite 
content of zinc phosphate baths 
The nitrite concentration of the zinc phosphate 
baths applied to. surface treatments are often characterized 

15 by acceleration points. According to the definition in a 

linear scale 1 acceleration point corresponds to a solution 
comprising nitrites in concentration 0,001 N. The measurement 
of the nitrites causes many problems according to the known 
methods because they are very instable in acidic environment. 

20 The acceleration point value of zinc phosphate baths 

was determined in a measuring arrangement according to the 
Figure 1. The. indicator electrode was made of platinum and 
as titration reagent the solution of 0,042 N cerium sulphate 
was applied in 3 N sulphuric acid (H 2 S0 4 ). 

25 Samples with different acceleration point value 

oscillating around 4 in the range of +6 h were prepared 
and the potential of the measuring electrode was measured. 
The dependence of the" measured, values was observed to be 
linear and characterized by high slope (about 250 mV/point, 

30 corresponding to about 10 mV/%), and these factors allowed 
to realise a control system working with high sensitivity 
and accuracy. 

By applying a titration reagent in solution stronger 
than the aequivalence the error arising from decomposing 
35 the nitrites in acidic environment can be avoided and the 
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danger of applying two much reagent can be diminished. 

The method and the equipment as proposed by the 
invention can be. applied, in the processes of chemical analysis, 
in controlling industrial processes, as maintaining the 

5 steady composition of phosphatizing baths, regulating the 
composition of galvanizing baths and for many other purpo- 
ses, wherein the quick determination of the concentration 
of a component is important without very high requirements 
as fdr the accuracy but with accuracy high enough for practi- 

10 cal industrial control ajpplications. 

However the method was shown above with reference 
to some specific kinds of applications, it is obvious that 
on the basis of the disclosure the skilled artisan can prepare 
many other possibilities of application falling within the 

.15 scfcpe of protection defined by the appended claims and the 
description. 
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CLAIMS: 

1. Method of determining concentration of a component 
of a liquid .sample by means of potent iometry, comprising the 
steps of admixing a titration reagent of known concentration 
5 ' in regulated quantities to a sample of known quantity, meas- 
uring the potential of an electrode contacting the liquid 
sample including the admixed titration reagent and determin- 
ing the concentration on the basis of the measured potential, 
characterized in further steps of admixing the tit- 
1U ration reagent in a quantity deviating from the aequivalence 

quantity by about 1 % to about 20 % in weight, homogenising, 
if necessary, the liquid received in the admixing step, de- 
termining the difference to the aequivalence quantity by 
carrying out a measurement of the electric potential of the 

15 electrode and comparing the measured potential value with a 

calibration diagram determined earlier and computing the con- 
centration on the basis of the difference determined taking 
into account the quantity of the titration reagent admixed to 
the liquid sample. 

20 2. The method according to claim 1, character- 

ized in admixing the titration reagent in a quantity de- 
viating from the aequivalence quantity in weight by about 4 % 

to about 10 H. 

3. The method according to claim 1 or 2, charac- 
25 terized in admixing the titration reagent in a quantity 

lying under the the aequivalence quantity. 

4. The method according to claim 1 or 2, charac- 
terized in admixing the titration reagent in a quantity 
exceeding the aequivalence quantity. 

5. The method according to any of claims 1 to 4, 

J ° characterized in maintaining the liquid sample in 

flow and admixing the titration reagent in form of a liquid 
current. 

6. Equipment for determining concentration of a com- 
35 pment of a liquid sample by means of potentiometry, compris- 
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ing a unit for receiving a liquid sample, a feeding unit for 
introducing a titration reagent into the liquid sample and 
measuring means including an electrode held in contact with 
the liquid sanpie^containing the titration reagent, c h a r- 
5 acterized in further comprising a mixer (4) for homo- 
genising the liquid sanple, wherein the feeding unit C3) in- 
troduces a regulated quantity of a liquid into the sanple 
. and - the. measuring means (5) are connected to a linear ampli- 
fying and/or regulating unit (L) . 
10 7. Equipment according to claim 6, character- 

ized in comprising a peristaltic pump (6) for introduc- 
ing the liquid sanple CM) and the titration reagent (R) into 

the mixer (4). 

8. Equipment according to claim 6 or 7, c h a r a c- 
15 terized in further conprisitrg control means (V) for 

receiving the output signals of the linear amplifying and/or 
regulating, unit CD, the control means (V) including a dis- 
play unit (D) for demonstrating a signal proportionally to 
the deviation from a nominal concentration value. 
20 9. Equipmenent according to any of claims 6 to 8, 

characterized in further comprising a computing 
unit C8> connected to the linear amplifying and/or regulat- 
ing unit (.L). 
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